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Abstract 
Increases in reports of health hazards and toxicity of synthetic colorants are driving the food industry towards 
applying natural colorants to an increasing number of processed food products. The attention that natural dyes and 
pigments are getting is due to the functional properties attributed to some of these colorants. Although synthetic dyes 
and/or pigments have lower production costs and greater stability, the number of synthetic additives permitted in 
developed countries is decreasing every year; this increases the usage of antioxidant colorants, such as carotenoids 
and anthocyanins by the food processing industries. Commonly, conventional extraction methods are used to extract 
these compounds from natural sources. Nevertheless, these methods are, in general, time- and solvent-consuming and 
may promote the degradation of these compounds. To overcome these drawbacks, conditions of short extraction 
times using environmentally friendly pressurized solvents, such as supercritical CO2 and pressurized ethanol, have 
been successfully used to obtain antioxidant dyes and pigment-rich extracts. The objective of this work was to 
validate a homemade pressurized solvent extraction system that can be independently used for supercritical fluid 
extraction (SFE) and pressurized liquid extraction (PLE) processes. Functional colorant sources, such as annatto 
seeds and jabuticaba skins, were used as model plant materials. Our SFE results were compared to those obtained 
using commercial SFE unit with the same processing conditions to validate the new system. To establish the 
statistically significant differences or similarities between the SFE yield values, a Tukey’s test was utilized. A 
confidence coefficient of 95% was used to compare the means. The anthocyanin content of the Jabuticaba skin 
extract obtained by the PLE method was determined using the pH differential method. The supercritical extracts from 
Jabuticaba skins obtained in a previous study in our laboratory study with pressurized ethanol were fractionated by 
thin-layer chromatography (TLC). 
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1.Introduction 
Increases in reports of health hazards and toxicity of synthetic pigments are driving the food industry 
towards applying natural colorants to an increasing number of processed food products. Commonly, 
conventional extraction methods are used to extract these compounds from natural sources. Nevertheless, 
these methods are, in general, time- and solvent-consuming and may promote the degradation of these 
compounds. 
To overcome these drawbacks, conditions of short extraction times using pressurized solvent methods, 
such as supercritical fluid extraction (SFE) and pressurized liquid extraction (PLE) methods, have been 
successfully used to obtain antioxidant pigment-rich extracts [1, 2]. 
SFE has important advantages over traditional extraction techniques. With the SFE method, low 
volumes of organic solvents, if any, are employed, and a solvent-free extract can be obtained with this 
method [3]. On the other hand, the use of PLE, which employs generally recognized as safe (GRAS) 
solvents, such as ethanol and water, generally results in higher extraction yields, limiting the use of toxic 
organic solvents [4]. Moreover, high-pressure extraction has other advantages that should be considered. 
For example, native enzymes, which degrade some compounds, are inhibited by increasing extraction 
pressures and/or the addition of CO2 [5].  
Carotenoids and anthocyanins are two of the most widely used dyes in food, pharmaceutical and 
cosmetic industries. Carotenoids are a diverse group of lipophilic compounds that contribute to the yellow 
and red colors of many foods. They are polyenes consisting of 3 to 13 conjugated double bonds and, in 
some cases, 6 carbon ring structures at one or both ends of the molecules [6]. Anthocyanins belong to the 
phenolic compound class that forms an important class of natural pigments found in flowers, fruits and 
berries. Anthocyanins can be useful as colorants (red and blue colors) and can be beneficial to human 
health because they are antioxidants and free radical scavengers [7]. 
Annatto seed extracts are orange/red natural carotenoid coloring agents obtained from the outer coats 
of the seeds. Annatto (Bixa orellana L.) is the fruit from urucuzeiro, which is a native plant from South 
America, and it is cultivated in Asia and Africa. Although it is produced in many tropical countries, Peru 
and Brazil are the largest producers of this seed. The major pigment, bixin, is present only in this plant, 
and it is a red carotenoid with high socioeconomic potential. Bixin is extensively used in textile, 
pharmaceutical, cosmetic and food industries. The carotenoids of annatto seeds have antioxidant activity 
against free radicals and are capable of blocking sunlight [8]. 
Jabuticaba skin extracts are purple natural anthocyanin coloring agents obtained from fruit skins. 
Jabuticaba (Myrciaria cauliflora) is the fruit from jabuticabeira, which is a tree that grows mainly in 
Brazil in the states of São Paulo, Minas Gerais, Rio de Janeiro and Espírito Santo. Jabuticaba is grape-like 
in appearance and texture, but its skin is thicker and tougher than grapes. This fruit has a dark purple to 
almost black skin color due to a high content of anthocyanins, and the skin covers a white gelatinous 
flesh. Jabuticaba is 3 to 4 × 10-2 m in diameter, and it contains one to four large seeds. The fruits are 
produced directly on the main trunks and branches of the plant, lending a distinctive appearance to the 
fruiting tree [7]. Jabuticaba skin anthocyanins obtained by different extraction methods have been shown 
to possess antioxidant activity [9]. 
In this study, we designed and built a homemade pressurized solvent extraction system in which pure 
supercritical CO2 (SFE) and GRAS solvents (PLE) can be independently used. The SFE method was used 
to obtain annatto seed extracts, and the PLE method was used to obtain jabuticaba skin extracts. The 
homemade SFE results were compared to those obtained using commercial SFE system with the same 
processing conditions. Moreover, fractionated extractions of jabuticaba skins were performed in two 
steps. In the first step (PLE), pressurized ethanol was used to extract polar compounds including 
anthocyanin pigments. In the second step, supercritical CO2 was used to recover low polarity, CO2-soluble 
compounds. The chemical compositions of both extracts were characterized.  
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2.Material and Methods 
2.1.Plant material  
Annatto seeds (Bixa orellana L.) cultivated in the state of São Paulo (variety Piave) were supplied by 
the Agronomical Institute of Campinas (IAC). The humidity of the dried skins was determined by the 
AOAC method [10]. The seeds were stored at 12.27% moisture in the dark in a domestic freezer (263 K) 
(Double Action, Metalfrio, São Paulo, Brazil) until extraction. 
Jabuticaba fruits (Myrciaria cauliflora) harvested from a plantation in the State of São Paulo in Brazil 
were acquired from a fruit and vegetable market center (CEASA-Campinas, Brazil). Immediately after 
acquiring the fruits, they were manually peeled, and the Jabuticaba skins were dried for several hours at 
318 K in an oven with air circulation (Marconi, MA 035/1, Piracicaba, São Paulo, Brazil). The humidity 
of the dried skins (66.52% moisture) was determined by the AOAC method [10]. The dried skins were cut 
into cubes (approximately 5 mm) and stored in the dark in a domestic freezer (263 K) (Double Action, 
Metalfrio, São Paulo, Brazil) until extraction. 
2.2.Extraction procedures 
A schematic diagram of the homemade pressurized solvent extraction system is shown in Fig. 1. The 
system equipment consisted of the following components: thermostatic bath (Marconi, MA-184, 
Piracicaba, Brazil), air-driven liquid (CO2 pump) (Maximator Gmbh, PP 111, Zorge, Germany), HPLC 
pump (Thermoseparation Products, Model ConstaMetric 3200 P/F, Fremoni, USA) and stainless steel 
extraction cell (6.57 ×10-3 L; Thar Designs, Pittsburg, USA) that contained synthesized metal filters at the 
bottom and upper parts. 
Fig. 1. Schematic diagram of the homemade pressurized solvent extraction system. The system contained the following components: 
1) CO2 cylinder; 2) CO2 filter; 3) manometers; 4) valves; 5) thermostatic bath; 6) CO2 pump; 7) back pressure regulator; 8) HPLC 
pump; 9) solvent reservoir; 10) extraction cell; 11) micrometric valve with a heating system; 12) temperature controller; and 13) 
sampling bottle. 
The cell containing 4.51 ×10-3 kg of plant material (whole annatto seeds or dried/cut jabuticaba skins) 
was first loaded into the extraction cell, was filled with extraction solvent (CO2 or ethanol) and then 
pressurized. For 5 min, the sample was placed in the heating system to ensure that the extraction cell was 
at the desired temperature at the filling and pressurization procedure. After pressurization, the sample 
with the pressurized solvent was kept statically at the desired pressure for a desired time (static extraction 
time). Thereafter, the blocking and micrometric valves were carefully opened keeping the pressure 
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constant at the desired flow rate, and the extraction cell was rinsed with fresh extraction solvent during a 
certain time (dynamic extraction time). 
For the SFE process, liquid CO2 (99.9%) (Gama Gases Especiais Ltda., Campinas, Brazil) was fed 
from the cylinder through a thermostatic bath at 263 K to ensure the liquefaction of the gas and to prevent 
cavitation, and the liquid CO2 was then pumped by the CO2 pump to the extraction cell containing 
Annatto seeds or Jabuticaba skins previously extracted with pressurized ethanol. The SFE yield, which is 
the total amount of extractable solute, was calculated as the ratio between the total extract mass and the 
feed mass (dry basis). 
The processing conditions for the annatto seeds were as follows: pressure of 31 MPa, temperature of 
333 K, static extraction time of 10 min and CO2 flow rate of 1.74 ×10-4 kg/s. Experiments  using Annatto 
seeds at the same processing conditions were also performed in a commercial SFE system (Spe-ed SFE 
unit, Applied Separations, model 7071, Allentown, USA). The extractions were exhaustive and continued 
for 240 min. The tubing line exiting the extraction cell was washed with ethanol to recover the extract 
deposited in it, which allowed the percentage of residual extract (%) to be calculated. The total extract 
mass was determined by the sum of the extract obtained during the extraction and the extract recovered in 
the cleaning process. The extraction pressure and temperature were chosen to allow for comparison of the 
results of the present study to results from the study by Chao et al. [14]. 
The processing conditions for the Jabuticaba skins previously extracted with pressurized ethanol were 
as follows: pressure of 30 MPa, temperature of 333 K, static extraction time of 5 min and CO2 flow rate 
of 1.67 ×10-4 kg/s (during 20 min). The extraction pressure and temperature employed in this work were 
selected based on previous experiments conducted in our laboratory.  
For the PLE process, 99.5% ethanol (Ecibra, Santo Amaro, Brazil) was pumped by the HPLC pump 
directly to the extraction cell containing the Jabuticaba skins. Based on previous experiments, the 
extraction pressure, temperature, static extraction time and solvent flow rate were set at 5 MPa, 353 K, 9 
min and 2.19 ×10-5 kg/s (during 12 min), respectively. After the PLE process, anthocyanin extracts were 
rapidly cooled to 278 K in ice water to prevent anthocyanin degradation. Subsequently, the extraction cell 
was exhaustively purged with a flow rate of 1.97 ×10-4 kg/s with 99.9% CO2 (Gama Gases Especiais 
Ltda., Campinas, Brazil) for 8 to 9 min to ensure that no residual anthocyanin extract solution remained in 
the extraction cell. At the end of this process, ethanol from the extract solution was evaporated using a 
rotary evaporator (Laborota, model 4001, Vertrieb, Germany) with vacuum control (Heidolph 
Instruments Gmbh, Vertrieb, Germany) and a thermostatic bath at 313 K. All of the extracts were stored 
263 K) in the dark until analysis. 
All extractions were performed in duplicate. 
2.3.Extract characterization of jabuticaba skins 
The anthocyanin contents of the Jabuticaba skin extracts obtained by the PLE and SFE methods were 
determined using the pH differential method as previously described by Santos et al. [9]. This method 
relies on the structural transformation of the anthocyanin chromophore as a function of pH.  
The supercritical extracts from the Jabuticaba skins previously extracted with pressurized ethanol were 
fractionated by thin-layer chromatography (TLC). TLC was performed using silica plates (20 cm × 20 cm 
with a height of 1 mm; Merck, Darmstadt, Germany) and four different sprays to identify the composition 
of the extracts. The mobile phase was composed of 70% hexane (96%; P.A., Merck, Darmstadt, 
Germany) and 30% ethyl acetate (99.5%; P.A., Merck, Darmstadt, Germany). The 2-diphenyl-
lpicrylhydrazyl (DPPH) radical is a purple-colored, stable free radical that is reduced into yellow-colored 
diphenylpicryl hydrazine. The DPPH test was performed with a rapid TLC screening method using 0.2% 
(v/v) DPPH in methanol (MeOH). If the extract had antioxidant activity 30 min after spraying the active 
compound on the extract, yellow spots against a purple background appeared. To observe flavonoid 
compounds using an ultraviolet light (365 nm), a spray solution of 1% 2-aminoethyl diphenylborinate 
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(NP) (Sigma, lot 123k2512, USA) in MeOH was used. To observe volatile oil compounds using visible 
and ultraviolet (365 nm) lights, a spray solution of anisaldehyde was used. No treatment was required to 
observe alkaloids using an ultraviolet (254 nm) light. Finally, to observe alkaloids using a visible light, a 
spray solution of Dragendorff’s reagent was used [11]. 
2.4.Statistical analysis 
A Tukey’s test was used to establish the statistically significant differences or similarities between the 
extraction yield values obtained using different SFE systems/configurations. A confidence coefficient of 
95% was used for the comparison of all means. 
3.Results and Discussion 
3.1.Obtaining annatto seed extracts 
SFE was used to obtain annatto seed extracts The SFE results obtained in this study were compared to 
those obtained using commercial SFE system with the same processing conditions.  
Fig. 2 shows that the extraction curves were similar independent of the system used. With a similar 
SFE apparatus, Nobre et al. [12] observed analogous extraction curves for pigment extraction using pure 
supercritical CO2 and whole annatto seeds.  
On the other hand, the pigment recoveries were low, and they decreased with the use of the homemade 
system (Fig. 2). When the extraction yields were calculated (after 240 min) by summing the extract 
obtained during the extractions with the extract recovered after cleaning the tubing, less of a recovery was 
observed with the homemade system as compared to the commercial system, which was due to a 
significant amount of residual extract in the tubing line and not to the SFE system employed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Recovery of pigments from annatto seeds as a function of time using different SFE systems/configurations. Ŷ represents 
commercial SFE, and Ƒ represents homemade SFE. 
Table 1 shows that a significantly higher amount of residual extract was deposited in the tubing line when 
the homemade system was used as compared to the amount of residual extract obtained using the 
commercial SFE apparatus.  
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Table 1. Percentage of residual extract (%) deposited in the tubing line when using different SFE systems.  
SFE system Percentage of Residual Extract (%) 
Commercial SFE 7 ± 1 
Homemade SFE 33 ± 5 
 
 
Using Tukey’s test, the extraction yield values (after 240 min) obtained using the homemade system 
were compared to those obtained using the commercial SFE apparatus with the same processing 
conditions. The differences between the extraction yields were not significant, indicating that the 
homemade system produced extraction yields similar to the extraction yields from the commercial SFE 
apparatus (Table 1). These results also demonstrated that the homemade system produced experimental 
data with good reproducibility. 
After comparing the results of this study to previously reported data, the differences may be mainly 
associated to several factors including origin, production year, preprocessing storage conditions and 
sample treatments [13]. Using the same extraction pressure and temperature and similar CO2 flow rate 
and extraction dynamic time, Chao et al. [14] obtained extraction yields that were approximately 1.47-
fold lower than those obtained in this study. 
3.2.Obtaining jabuticaba skin extracts 
Fractionated extractions of Jabuticaba skins were produced in two steps. In the first step (PLE), 
pressurized ethanol was used to extract polar compounds including anthocyanin pigments. In the second 
step, supercritical CO2 was used to recover low-polarity, CO2-soluble compounds. 
The chemical composition of the PLE extract was characterized by analyzing the presence of 
anthocyanins. The extract solution visually presented a purple color. The anthocyanin content of the PLE 
extract was 2.489 ± 0.544 ×10-6 kg cyanidin-3-glucoside/g dry materials. After re-extraction of the 
Jabuticaba skins previously extracted by PLE using supercritical CO2, an extract presenting a 
yellow/green color with insignificant anthocyanin content was obtained using the same processing 
conditions. 
We have previously verified that these yellow/green extracts have antioxidant activity. Only the 
samples extracted from jabuticaba skins using pure CO2 at low, moderate or high pressures or using CO2 
in addition to more polar co-solvents (20%; w/w), such as ethanol, 2-propanol, methanol and water, at 
high pressures have antioxidant activity. SFE experiments using ethanol as a co-solvent and low pressures 
(10 MPa or less) result in a purple extract (rich in anthocyanins). To obtain only the yellow/green extract 
after the first step, CO2 was purged into the extraction cell to eliminate almost all of the residual ethanol 
from the vegetable matrix that could act as a co-solvent, and the SFE pressure was set at 30 MPa (high 
pressure). The SFE extraction yield was 1.02 ± 0.15%, and the chemical composition the SFE extracts 
(second step) was characterized by thin-layer chromatography (TLC).  
Fig. 3 shows that both extracts had similar phytochemical profiles in the TLC plates, indicating that the 
fractionated extraction process was reproducible. Moreover, these results suggested that the homemade 
system produced reliable results.  
Fig. 3a shows that the SFE extract had antioxidant activity.  
Flavonoid compounds have characteristics to form blue fluorescent zones in UV light at a wavelength 
of 365 nm. A natural product (NP) reagent revealed blue fluorescence zones in the SFE jabuticaba skin 
extracts near the solvent front (Fig. 3b). According to Wagner and Bladt [11], flavonoids show dark 
yellow, green or blue fluorescence depending on the structural type. Because blue fluorescence had 
similar Rf values to the yellow spots of the DPPH plate, the antioxidant activity of this extract may be 
related to the flavonoid content. 
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Fig. 3. Thin-layer chromatography (TLC) plates. The lanes are labeled as follows: 1) extract obtained at 30 MPa and 333 K (run 1); 
2) extract obtained at 30 MPa and 333 K (run 2); a) revealed using DPPH reagent with visible light; b) revealed using the natural 
product (NP) reagent with light (365 nm); c) revealed using an anisaldehyde/sulfuric acid reagent with visible light; and d) revealed 
using an anisaldehyde/sulfuric acid reagent with ultraviolet light (365 nm). 
 
Essential oils are volatile, odorous principles consisting of terpenes, alcohols, aldehydes, ketones, 
esters (> 90%) and/or phenylpropane derivatives. The anisaldehyde/sulfuric acid reagent revealed (Fig. 
3c) two green/violet zones, which may represent terpenoids, propylpropanoids, pungent principles, bitter 
principles and saponins due their coloration characteristics with visible light. According to Wagner and 
Bladt [11], most of these compounds develop fluorescence with a UV light at a wavelength of 365 nm, 
which was observed for the extracts in the present study (Fig. 3d). Because one of the green/violet zones 
was observed at a similar location as the DPPH yellow spots on the TLC plate and because supercritical 
CO2 is a good solvent for essential oil extraction [3], the antioxidant activity of this extract may be 
associated with the essential oil content. After treatment with the Dragendorff reagent, alkaloids were not 
detected in the jabuticaba skin extract obtained by the SFE method.   
Using supercritical CO2 for extraction, Seabra et al. [5] also observed yellow/green extracts using 
elderberry pomace as an anthocyanin source. They suggested that the yellow/green extracts from their 
experiments are rich in phenolic compounds, although they did not evaluate antioxidant activity or 
characterize the chemical components of the extracts. 
4.Conclusion 
In this study, a homemade pressurized solvent extraction system that can be independently used for 
SFE and PLE processes was validated using annatto seed and jabuticaba skin as model plant materials.  
Fractionated extractions of jabuticaba skins were successfully performed using the homemade 
apparatus producing two valuable extracts with antioxidant activities. One extract was rich in anthocyanin 
pigments, and the other extract was rich in lipophilic compounds including essential oils and less polar 
flavonoid compounds. 
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